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NASA 7”1’ 17-10, $ 7 1  

PHOTOMETRIC PROFILES OF COMETS HEADS 
I N  MONOCHROMATIC LIGHT 

D. Malaise 

FolLowing a revi.ew cif the g e n e r a l  f a c t s  anti t l ieor ic*s  re- 
la t  Lng to comihts, the a u t h o r  d e s c r i b e s  v a r i o u s  iwtfiocls and 
t e c h n i q u e s  used f o r  t h e i r  s t u d y .  He then p r e s e n t s  J de t . a i l ed  
d e s c r i p t i o n  of t h e  p r o c e s s e s  used f o r  o b t a i n i n g  d i s s o c i a t i o n  
p r o f i l e s ,  and t h e  v a r i o u s  models and e q u a t i o n s  so u s e d .  Pro- 
f i l e  c o n s t r u c t i o n  methods a re  reviewed and c o n s i d e r e d  as 
mediocre because  t h e  i n s t r u m e n t s  used were des igned  f o r  s t e l -  
l a r  photometry and n o t  cometary photometry.  ’The a u t h o r  t h e n  
d e s c r i b e s  a cometary photometer  o f  h i s  own d e s i g n .  High re- 
s o l u t i o n  s p e c t r a  and t h e  p h o t o m e t r i c  prof  i Les o b t a i n e d  from 
them by o r d i n a r y  s t e l l a r  pho tomete r s  are then  d i s c u s s e d ,  
and v a r i o u s  t h e o r i e s  and hypo t h e s e s  s u g g e s t e d .  

/199* LNTKODUCTLON - 
The physiuaJ s t u d y  o f  comets is a lmos t  e n t i r e l y  bast.d o t i  spc ’c t roscop ic  o b -  

scrvations of t h e i r  heads. Thesct o b s e r v a t i o n s  make i t  possible to i d e n t i f y  tlic 
ili.If erc>nt molecu le s  whicii c a u s e  t h e  e m i s s i o n s  and to cl Iscuss bii( I t  molecu la r  ex- 
c i t a t i o n  p r o c e s s e s .  ‘l‘lic~ r e c e n t  advances i n  t h i s  d o m a i n ,  due t o  t h e  u s e  o f  
h i g h e r  r e s o l u t i o n s ,  have been p o i n t e d  o u t  by  P. Swings (1965) and C .  Arpigny’ 
(1965) .  

A thorough knowledge of t h e  p r o c e s s e s  l e a d i n g  t o  t h e  f o r m a t i o n  of t h e  head 
is s t i l l  p r e v e n t e d  today  by enormous d i f f i c u l t i e s .  

$ a m  
The d e t a i l e d  s t u d y  of s p e c t r o s c o p i c  p r o f i l e s  t h e  d i f f e r e n t  bands shows 

u s  t h a t  t h e  m o l e c u l a r  e x c i t a t i o n  is e s s e n t i a l l y  due t o  f l u o r e s c e n c e .  The l a r g e  
q u a n t i t y  estimates show, t h e n ,  t h a t  t h e  t o t a l  g a s  d e n s i t y  i n  cometary heads is  
l o w  enough so t h a t  c o l l i s i o n s  do n o t  have any i n f l u e n c e ,  excep t  i n  t h e  c e n t r a l  
p a r t  whose r a d i u s  is a t  most a few thousand k i l o m e t e r s .  

*Numbers i n  t h e  margin i n d i c a t e  p a g i n a t i o n  i n  t h e  o r i g i n a l  f o r e i g n  text .  
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w e  w i l l  c a l l  t h e  n u c l e u s ,  and t o  g e t  as p r e c i s e  an i d e a  as p o s s i b l e  of i t s  phy- 
sical  s t a t e  and compos i t ion ,  

Regarding t h e  f i r s t  p o i n t ,  i t  now seems beyond doubt  t h a t  t h e  n u c l e u s  is a 
s o l i d  body c o n t a i n i n g  p r a c t i c a l l y  t h e  e n t i r e  mass of t h e  comet,  b u t  whose co- 
h e s i o n  f o r c e  might  b e  v e r y  weak. The t empera tu re  o f  t h i s  body  is a n  c5ssenti;iJ 
parameter  f o r  o u r  problem, b u t  depends on t h e  d r t a i ’ l c d  model tli,it. w e  t a k e  f o r  
t h e  rtucltaus; we s h a l l  coilie b a c k  t o  t h i s  l n  d c t n i l  i n  ii s u L ) s k . q u t . I i t  1)aptar. L n  
any case, w e  s h a l l  c a l c u l a t e  a t empcra tu rc  d i s t r i h u t  ion wliicfi wi 11 e s s e n t i a l l y  
dc?pentl 0 1 1  the comirosi Lion, t h c  l i e i i o c c n t r i c  distanc-c. ,  L ~ I C  siiri .ice s t r u c t u r e  
and t h e  e x t e r n a l  l d y e r s ,  and on t h e  r o t a t i o n a l  movcment o [  tlie nuc leus .  L e t  u s  
p o i n t  out: now t h a t  the e r r o n e o u s  image, which is still w i t l t . l y  prevalent, of t h e  
s o l a r  r a d i a t i o n  s t r i k i n g  the s o l i d  s u r f a c e  u f  t h e  n u c I c u s ,  w i l l  be d i s c a r d e d  
s i n c e  i t  js i n  f l a g r a n t  c o n t r a d i c t i o n  w i t h  t h e  o b s e r v a t i o u s .  I n  f a c t ,  a pu re ly  
gilseous comet such  $16: Rurn’nam 1959 k ,  iias a d e n s i t y  o f  dus t> ,  i n  a n  a r e a  of 
about  500 k i l o m e t e r s  around t h e  n u c l e u s  such  t h a t  t h e  s t a r s  t.cl i p s e d  by  t h i s  
r e g i o n  are  n o t a b l y  weakened [Doss in ,  19621; a l s o ,  t h e  pho tomet r i c  p r o f i l e  of 
t h e  continuum of  t h i s  comet shows a p o s i t i v e  g r a d i e n t  9 2 n e a r  t l i c  c e n t e r  [O’Dell, 
29611. 
n e s s  i n  t h e  cont inuum i s  very l a r g e  a t  t h e  s u r f a c e  of t h e  nuc leus  and ,  there- 
f o r e ,  t h a t  no s o l a r  r a d i a t i o n  d i r e c t l y  r e a c h e s  t h i s  s u r f a c e .  

From t h e s e  two f a c t s ,  i t  is p o s s i b l e  t o  conc lude  t h a t  t h e  o p t i c a l  t h i c k -  

The model f o r  t h e  n u c l e u s  t h a t  w e  s h a l l  o f f e r ,  i n  short ,  s h a l l  b e  a whip- 
p l e  n u c l e u s  su r rounded  by a dense  d u s t y  r e g i o n  w i t h  a r a d i u s  o f  a f e w  h@ed 
k i l o m e t e r s .  We s h a l l  c a l l  t h i s  p a r t  of  t h e  comet t h e  “ n u c l e a r  r e g i o n ” ,  and 
s h a l l  d e f i n e  i ts l i m i t  as t h e  s u r f a c e  f o r  which t h e  o p t i c a l  dep th  i n  t h e  con- 
t inuum e q u a l s  1. 

The n u c l e a r  r e g i o n  i t s e l f  i s  sur rounded by a reg ion  more o r  l e s s  e x t e n s i v e ,  
where t h e  gaseous  dene i t y  i s  such  t h a t  c o l l i s > n s  t h e r e i n  p l a y  a predominant  
ro le .  We sha l l  c a l l  this reg ion  t h e  “ a t m ~ s p h e r e ”  of the comet. Wi th in  t h i s  I_ /201 
r e g i o n  ;1 Noltzman q u a s i - c q u i l  i b r i u m  e x i s t s  and the atmosphere l i m i t  can b e  de- 
f i n e d  3s the s u r t a c e  f o r  which the  f r ee  tang ,en t i ; i l  course of a n e u t r a l  molecule  
i s  equa l  t o  t h e  d i s t a n c e  which lias t o  be  t r a v e l l e d  r a d i a l - l y  toward t h e  e x t e r i o r  

ace i n  o r d e r  f o r  t h e  t o t a l  gas  d e n s i t y  t o  d e c r e a s e  by a f a c t o r  e .  
re r a d i u s  w i l l  va ry  c o n s i d e r a b l y  from onc. comet t o  a n o t h e r ,  and f o r  

t h e  same comet w i l l  depend on t h e  h e l i o c e n t r i c  d i s t a n c e .  

A d i s t i n c t i o n  must b e  made between t h e  d u s t s  o f  the n u c l e a r  r e g i o n  and t h e  
d u s t s  which are obse rved  i n  t h e  coma and t h e  t a i l  of c e r t a i n  comets;  c o n t r a r y  
t o  t h e  l a t t e r ,  t h e  s o l i d  p a r t i c l e s  of t h e  n u c l e a r  r e g i o n  c o n s t i t u t e  a s t a b l e  
p a r t  of t h e  comet and f o l l o w  t h e  n u c l e u s  i n  i ts  o r b i t a l  movement, a t  l e a s t  f o r  
t h e  approximate  d u r a t i o n  of a passage  of t h e  comet i n  t h e  i n t e r n a l  s o l a r  sys-  
t e m .  T h i s  c o n c l u s i o n  can  b e  based  on t h e  f a c t  t h a t  t h e  pho tomet r i c  p r o f i l e  of 

t h e  Bumham 1959 k comet is  w i t h i n  r-7 a t  a d i s t a n c e  of 13,000 km from t h e  cen- 
ter  of t h e  head ,  whereas  t h e  s p a t i a l  r e s o l u t i o n  e lement  of t h e  i n s t r u m e n t  used  
f o r  t h i s  measure is abou t  10,000 km [ O ’ D e l l ,  19611. I n  f a c t ,  t h e  examina t ion  
of t h e  cont inuum on t h e  h i g h  r e s o l u t i o n  s p e c t r a  o b t a i n e d  a t  t h e  b e n t  focus  of 
t h e  193 cm t e l e s c o p e  a t  t h e  o b s e r v a t o r y  of Haute  Provence shows t h a t  t h e  den- 
s i t y  g r a d i e n t  o f  t h e  continuum is s t i l l  l a r g e  a t  d i s t a n c e s  of about  1,000 km 
From t h e  titic‘ 1 cus . 
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It i s  v e r y  obv ious  t h a t  a n  expanding d u s t  h>d c a n n o t  g i v e  such  high den- 
s i t y  g r a d i e n t s .  The s o l i d  p a r t i c l e s  of t h e  n u c l e a r  r e g i o n  are p robab ly  d i f f e r -  
en t  t h a n  t h e  d u s t s  d i c h  can  sometimes b e  found i n  t h e  coma and i n  t y p e  I1 
t a i l s  by t h e i r  s i z e ,  t h e  l a t t e r  b e i n g  t h e  smallest p a r t i c l e s  f o r  which movement 
p e r t u r b a t i o n s  are the s t r o n g e s t  ( r e c e s s i o n  d u r i n g  e v a p o r a t i o n  of adso rbed  g a s ,  
r a d i a t i o n  p r e s s u r e ,  e t c . ) ;  whereas  t h e  p a r t i c l e s  of  t h e  n u c l e a r  r e g i o n  would be 
more massive, t he i r  o r b i t a l  movement i s  the least  p e r t u r b e d .  I n  f ac t ,  w e  would 
b e  w i t n e s s i n g ,  i n  a way, t h e  f r a c t i o n a l  d i s t i l l a t i o n  of tile l i b e r a t e d  s o l i d  com- 
ponent  of t h e  Whipple n u c l e u s .  

l'he n u c l e a r  r e g i o n  o f  t h e  comet is o b v i o u s l y  n o t  i n  L] s t a t e  o f  t h e r m i c  1202 
e q u i l i b r i u m .  The h e a t  t r a n s f e r  is e s s e n t i a l l y  done by rdJ  i a t  i o n ,  b u t  w e  a l s o  
have t o  t a k e  i n t o  a c c o u n t  tlie l i ea t  t r a n s f e r  by molecu le s  t l i f  f u s i n g  through t h e  
nucleiir r e g i o n .  I t  i's i n t e r e s t i n g  t u  p o i n t  o u t  a t  ttiis timc . i  few remarkable  
consequences tha t  t h i s  model ; i l lows us  t o  forescc. 'l'titl m o l t b ~  u 1c.s cvaporat i r ig  
f r o m  t h e  n u c l c u s  w L l  1 bc. s\ibmi t t c d  t o  n 1 argcl number (,f co  1 1 I s i o n s  w i  t h  t h e  
s o l i d  par t ic les  b e f o r e  c.sciiping From t h e  n u c l e a r  r e g i o n .  I f  tlit'rr, is a temper- 
a t u r e  g r a d i r n t  i n  t h i s  r e g i o n ,  t h e  mo lccu lc s  w i l l  b e  acceJrbratr>ti i n  i t  i n  t h e  
d i r e c t i o n  of t h e  pos i  t i v e  temperature g r a d i e n t .  TliereForc, t l l c .  mo lecu le s  w i l l  
b e  i n j e c t e d  i n t o  t h e  atmosphere w i t h  a v e l o c i t y  d i s t r i b u t i o n  which is w e l l  de- 
termined and which i s  a f u n c t i o n  of t h e  d i r e c t i o n  i n  which t h e y  escape. The 
t r a n s f e r  of the k i n e t i c  moment between t h e  gaseous cornpocc>nt and t h e  d u s t y  
component i n  t h e  n u c l e a r  r e g i o n  i m p l i e s  t h a t  t h e  d u s t y  component w i l l  d i m i n i s h  
i n  t h e  d i r e c t i o n  o p p o s i t e  t o  t h e  d i r e c t i o n  of t h e  maximum s p e e d  of e s c a p e  of 
t h e  gaseous  component. T h e r e f o r e ,  we can  expect t h a t  t h e  l u m i n o s i t y  maximum 
of  t h e  continuum and the d i f f e r e n t  bands w i l l  be s l i g h t l y  s h i f t e d  w i t h  respect 
t o  t h e  n u c l e u s  p o s i t i o n .  I n  f a c t ,  such  a d i sp lacemen t  i s  observed between t h e  
bands of t h e  d i f f e r e n t  mo lecu le s  of t h e  Burnhnm comet.  The d i sp lacemen t  which 
is  obse rved  is  of tlie o r d e r  of a few hundred km which i s  of  t h e  same o r d e r  a9 
t h e  s p a t i a l  r e s o l u t i o n  of  o u r  s p e c t r a .  T h i s  o b s e r v a t i o n  o n l y  g i v e s  u s  a r a t h e r  
d o u b t f u l  q u a l i  t a t  i v e  argument;  on t h e  o t h e r  hand, the cotitiniturn w a s  t o o  weak 
on o u r  h i g h  r e s o l u t i o n  s p e c t r a  t o  b e  a b l e  t o  r n e a s i ~ r ~  w i t h  ,iriy p r e c i s i o n  the 
~ i i s p l ~ i c r n i c n t  o f  tlie maximum i n  t h e  continuum w i t 1 1  r e s p e c t  t o  thc maximum i n  t h e  
iiiolcculclt- bnnd! ; .  We c m  a l s o  e x p e c t  t h a t  the nuclciis r o t n t  i o n  w i l l  b e  repre- 
sen ted  by ;I i i o k a b l ~  d e f o r m a t i o n  o f  t h e  n u c l e a r  r q i o n ,  sincc. t h v  sc t1 .  i d  p a r t i -  
c1t.s l e i l v i n g  t h e  q u n t o r  i,i 1 r(:p,ion o f  the nuc ltws wi 1 1  Iiave an i n i  t ial specd of 
thtt o r d e r  of a t e w  cm/sec w i t h  r v s p e c t  t o  t h e  solid particlcss coming from the 
po la r  r e g i o n .  F i n a l l y ,  w e  can f o r e s e e  t h a t  t h e  t h e o r i e s  which a t t e m p t  t o  es- 
t a b l i s h  t h e  l a w  o f  l u m i n o s i t y  of a comet w i t h  r e s p e c t  t o  t h e  d i s t a n c e  t o  t h e  / 2 0 3  
s u n  w i l l  b e  s e e n  i n  a new l i g h t  s i n c e  t h e  f l u x  of t h e  gaseous component pro- 
duced i n  t he  n u c l e u s  w i l l  depend n o t  o n l y  on t h e  h e l i o c e n t r i c  d i s t a n c e  b u t  a l s o  
o n  t h e  g a s  and d u s t  d e n s i t y  i n  t h e  n u c l e a r  r e g i o n .  We c a n  f i n a l l y  f o r e s e e  t h a t  
t h e  n u c l e a r  r e g i o n  i s  d e t e c t a b l e  by i n f r a r e d  r a d i o m e t r y  between 911 and 1 4 ~  o r  
between 3.5~ and 4 . 2 ~  f o r  a comet p a s s i n g  c l o s e  enough t o  t h e  e a r t h  ( A  2 0.5  AU). 
The d u s t s  of t h e  e x t e r n a l  l a y e r s  of' t h e  n u c l e a r  r e g i o n  w i l l ,  i n  f a c t ,  be  i n  

r a d i a t i v e  e q u i l i b r i u m  and t h e i r  t e m p e r a t u r e  w i l l  b e  r e l a t i v e  t o :  T = 

Such a h c , t  body o f  a few seconds  i n  d i a m t r r  i s  e a s i l y  d e t e c t a b l e .  

4 5 0 ° K  

d i  
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p r i n c i p l e ,  f t  would be s u f f i c i e n t  t o  "recondensc" t h e  material d e t e c t e d  i n  t.hr 
head and i n  the t a i l  t o  f i n d  t h e  n u c l e a r  compos i t ion .  I n  f ac t ,  no t  only,,thi.s 
process l e a d  t o  m u l t i p l e  s o l u t i o n s  from which w e  must make a d i f f i c u l t  c h o i c e ,  
b u t  a l s o ,  a t  t h e  p r e s e n t  t i m e ,  w e  have o n l y  a f r agmen ta ry  knowledge of t h e  head 
composi t ion d u e  t o  t h e  l i m i t e d  e x t e n t  o f  t h e  obse rved  spec t r a l  domain. In  
s h o r t ,  w e  have  t o  r e c o n s t r u c t  a j i g s a w  p u z z l e  from which a n  undetermined number 
o f  pieces is  m i s s i n g .  However, we m u s t  examine i n  d e t a i l  t h e  p i e c e s  w e  have i n  
o r d e r  t o  clear up t h e  problem. 

d0.S 

We c a n  d i v i d e  t h e  head and t a i l  components i n t o  t h r e e  main groups:  

1. t h e  d u s t  from s o l i d  pa r t i c l e s  (head and t a i l )  

2. t h e  r a d i c a l s  and n e u t r a l  atoms (head on ly )  

3 .  t h e  i o n s  ( a l m o s t  o n l y  i n  t h e  t a i l )  

In t h e  f i r s t  app rox ima t ion ,  i t  seems t h a t  these t h r e e  groups appear and 
behave i n  independen t  ways. T h e r e f o r e ,  any comet can appea r  t o  b e  formed by a 
combinat ion of t h e s e  t h r e e  components i n  v a r i a b l e  p r o p o r t i o n s .  Examples of com- 
ecs c o n s i s t i n g  of on ly  one of t h e  components i n  t h e  p u r e  s t a t e  arc' known: 

(2 )  Encke, Uurnham 

( 3 )  Morehouse, Humnson. 

These d i f f e r e n c e s  i n  compos i t ion  i n  the spec t rum do no t  n e c e s s a r i l y  i m p l y  
a d i f f e r e n c e  i n  chemi'cal compos i t ion  of t h e  comet n u c l e u s ,  b u t  can be  the re- 
sult of v a r i o u s  p h y s i c a l  c o n d i t i o n s ,  s i n c e  t h e  spec t rum of one comet varies con- 
s i d e r a b l y  d u r i n g  i ts  p a s s a g e  th rough  t h e  i n t e r n a l  s o l a r  sys t em [Swings, H a s e r ] .  
A s t a t i s t i c a l  s t u d y  of t h e  s p e c t r a  of  numerous comets made i t  p o s s i b l e  f o r  
t h e s e  a u t h o r s  t o  d e t e r m i n e  t h a t  t h e  h e l i o c e n t r i c  d i s t a n c e  w a s  t h e  dominant para- 
meter f o r  the s p e c t r a l  e v o l u t i o n .  T h e r e f o r e ,  i t  is  n e c e s s a r y  t o  b e  Sure of 
t h e  compos i t ion  o f  t h e  comets when i n t e r p r e t i n g  t h e i r  s p e c t r a l  d i f f e r e n c e s .  

We must f i n a l l y  p o i n t  o u t  t h e  impor t ance  of t h e  r e c e n t  i d e n t i f i c a t i o n  of 
n e b u l a r  t r a n s i t i o n s ,  6300X and 6 3 6 4 A ,  of oxygen i n  t h e  comet MRKOS [Swings and 
G r e e n s t e i n ,  19581. It  s e e m s  a lmos t  d o u b t l e s s  t l i a t  the i n t e r d i c t o r y  bands of 
oxygen are  p r e s e n t  i n  the spec t r a  of numcrous comets .  [Swings, 19621:  What- 
ever t h e  e x c i t a t l o n  p r o c e s s  called upon f a r  t h e  Formntion of tliese h a n d s ,  it 
seems d i f f i c u l t  t o  C S C ~ J I C  t h c  c o n c l u s i o n  t t i a t  tlic yunnt L t y  of a tomic  oxygen i H  

several  times l a r g e r  than t h e  q u a n t i t y  of- C2 i n  Lhcsc cometh. Y h f s  fact. ;igaln 

stresses tiow c a r e f u l  i t  is  n e c e s s a r y  t o  b e  when one want s  t o  deduce t h e  n u c l e a r  
compos i t ion  f rom o b s e r v a t i o n s  of t h e  head. 

On t h e  o t h e r  hand, i t  can b e  expec ted  t h a t  t h e  compos i t ion  of t h e  g a s  
e v a p o r a t i n g  from t h e  n u c l e u s  w i l l  be  v e r y  d i f f e r e n t  f rom t h a t  obse rved  f o r  t h e  
coma. I n  f ac t ,  t h i s  g a s  must f i r s t  p a s s  t h rough  t h e  n u c l e a r  r e g i o n  where i t  
s tays  f o r  a r e l a t i v e l y  l o n g  t i m e  and where i t  is  s u s c e p t i b l e  t o  t r a n s h n n a t i o n  



by thermochemical r e a c t i o n s .  Tlicn, i t  passes througti t l i e  ;itinosphcrt. wlic ,r t .  t i l t ,  

photochemical  r e a c t i o n s  a r e  t o  be found,  and f i n a l l y ,  i t  e s c a p e s  i n t o  the coma 
s o c i a t i o n  and i o n i z a t i o n  remain as t r a n s f o r m a t i o n  p o s s i b i l i t i e s .  
er complex p r o c e s s ,  w e  can  on ly  o b s e r v e  a v e r y  ephemeral  phase /205 

which co r re sponds  t o  t h c  f a c t  that  some d i s s o c i a t i o n  p r o d u c t s  have r e sonance  
C r d n s i t i o n s  i n  t h e  a c c e s s i b l e  s p e c t r a l  domain. T h e r e f o r e ,  i t  i s  n e c e s s a r y  t o  
nno.ly;ec! the c o l 1 e c t i b l . e  d a t a  on t h i s  phasc i n  a l l  t h e i r  d e t a i l  i n  o r d e r  t o  f i n d  
tlie t r ace  o f  p r e c e d i n g  t r a n s f o r m a t i o n s .  

During t h e  a n a l - y s i s  of t h e s e  d a t a ,  an  i n i t j u l  p o i n t  t o  ( l e t e rmine  will bc  a n  
estimate of t h e  atmosphere r a d i u s  of t h e  comet under  s t u d y .  For tliat pu rpose ,  
w e  have two independent  t e c h n i q u e s .  The f i r s t  o n e  w i l l  bt- t o  compare the spec -  
t r o s c o p i c  p r o f i l e  of t h e  bands a t  v a r i o u s  d i s t a n c e s  from tht3 n u c l e u s ,  t o  t h e  
p u r e  f l u o r e s c e n c e  p r o f i l e  c a l c u l a t e d  by t a k i n g  i n t o  accoun t  the Swings e f f ec t  . 
The f u r t h e r  t h e  obse rved  p r o f i l e  is from t h e  c a l c u l a t e d  p r o f i l c ,  tlie c l o s e r  w e  
s h a l l  be to  t h e  atmosphere l i m i t .  The u s e  of t h i s  method r e q u i r e s  t h a t  c e r t a i n  
c o n d i t i o n s  b e  f u l f i l l e d .  F i r s t ,  w e  must b e  a b l e  t o  c a l c u l a t e  t h e  band p r o f i l e .  
T h i s  can  be  done w i t h  enough c e r t a i n t y  f o r  CN,  CH, OW, and N H  i f  pho tomet r i c  re- 
c o r d i n g s  o f  t h e  s o l a r  spec t rum w i t h  v e r y  h igh  r e s o l u t i o n ,  accomplished by M i -  
g e o t t e  and h i s  c o l l a b o r a t o r s  a t  J u n g f r a u j o c h ,  a re  used f o r  t h e  c a l c u l a t i o n .  
Then, i t  i.s n e c e s s a r y  t o  have s p e c t r a ,  t h e  s p a t i a l  cind s p e c t r a l  r e s o l u t i o n  of 
w h i c h  are s u f f i c i c n t .  Sume of  the s p e c t r a  WP obtoincJd a t  t l i c ~  bc*nL focus of t h e  
193  cm telescope a t  tlie OHP f u l f i l l  t h i s  c o n d i t i o n  w t b l l  c i i o t l K l 1 .  L v e n t u a l l y ,  i t  
i s  pu<+sibLe L O  (10 witliouL the t h e o r e t i c a l  profile' by comp.iring on ly  tlic prof  i l e  
o f  the barid v a r i o u s  t l is t , inces  from tlie cornt’t n t e r .  I l i t *  c * o n c l  u..;lons a r e  
t l i c r i  more q u d l  i t a t i v e  and lcss c e r t a i n .  Thc sc3c:ond m c ~ L l i o t l  i s  I)ast.d on thc f o l -  
lowing o b s e r v n t i u n :  o u t s i d e  o f  ttie atmosplicre, mo1cr.ulc.s c;iii bc.  t ransformed 
o n l y  by d i s s o c i a t i o n  o r  i o n i z a t i o n .  I t  i s  p o s s i b l e ,  as w e  s h a l l  ser:, t o  e a s i l y  
ca l cu la t e  t h e  p h o t o m e t r i c  p r o f i l e  r e s u l t i n g  F roni ttiest‘ pkiotorhcmicnl p r o c e s s e s  
and t h e i r  e v o l u t i o n  w i t h  r e s p e c t  t o  t h e  h e l i o c e n t r i c  d i s t a n c e  f o r  the r a d i c a l  
obse rved .  The d e v i a t i o n s  between p r o f i l e s  so c a l c u l a t e d  a n d  observed p r o f i l e s  
must make it p o s s i b l e  t o  e l u c i d a t e  t h e  atmosphere o f  t h e  s t u d i e d  comet.  The / 2 0 6  
l i m i t a t - i o n  of  t h i s  p r o c e s s  i s  mainly due  t o  t h e  u n c e r t a i n t y  of c e r t a i n  p h y s i c a l  
p a r a m e t e r s  s u c h  as t h e  l i f e t i m e  of  s o u r c e  m o l e c u l e s .  L t  is n e c e s s a r y  t o  have 
t h e  p r e c i s e  p h o t o m e t r i c  p r o f i l e  of t h e  v a r i o u s  bands i n  t h e  head c e n t r a l  r e g i o n ,  
and e x t e n d i n g  as f a r  as p o s s i b l e  i n t o  t h e  head.  

I .  

A second s u b j e c t  t o  d w e l l  upon s h a l l  be t h e  r e c o n s t r u c t i o n  of t h e  d i s s o c -  
i a t i o n  r e a c t i o n s  p roduc ing  t h e  r a d i c a l s  which a r e  obse rved  i n  t h e  head.  Here 
a g a i n  i t  clearly appears ttiat t h e  prec ise  ptiotonietric p r o f i l e s  o f  t he  v a r i o u s  
bands and their  evolution w i t h  r e s p e c t  t o  t1)e t i e l i o c c ~ n t r i c  d i s t a n c e  a r e  o u r  
best: chance t o  remain c lose  t o  r e a l i t y  in t t i e  c1nbor; i t ion of tlie phenomenon 
theory. 

Wg would l i k e  t o  make e x p l i c i t  w l i a t  wc’ m e a n  by prec ise  ptiotuinetric p r o f i l e .  
For t h i s  purpose ,  w e  m u s t  f i r G t  c a l c u l a t e  the p r o f i l e  of a r a d i c a l  produced by 
d S s s o c i a t i o n  i n  o r d e r  t o  estimate tlie s e n s i b i l i t y  of t h e  p r o f i l e  form from t h e  
v a r i o u s  p a r a m e t e r s  i n t r o d u c e d  i n t o  ttie c a l c u l a t i o n .  

I n  any case, I t h i n k  i t  i s  u s e l e s s  t o  f u r t h e r  emphasize t h e  importance o f  
s t u d y i n g  t h e  p h o t o m e t r i c  p r o f i l e s ;  t h e i r  impor t ance  h a s  n o t  been s u f f i c i e n t l y  
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t a k e n  i n t o  accoun t  up t o  now i n  s p i t e  of the r e p e a t e d  s u g g e s t i o n s  o f  Swings 
i1952; 1955; 19581. 

w i t h  the r e s p e c t i v e  l i f e t i m e s  S A ,  T B ,  T c ,  e t c .  

We w i l l  assume t h a t  t h e  k i n e t i c  moment t r a n s f e r r e d  d u r i n g  t h e  d i s s o c i a t i o n  
p r o c e s s  i s  n e g l i g i b l e .  T h i s  h y p o t h e s i s  can be j u s t i f i e d  i n  a few p r e c i s e  cases 
f o r  which w e  have t h e  p h y s i c a l  d a t a  n e c e s s a r y  f o r  t h e  c a l c u l a t i o n  of t h e  moment 
t r a n s f e r :  

photon.  ' f i e  d i s s o c i a t i o n  o c c u r s  f o r  a waveleiigth less  t h a n  1370 1 [Kondrat'yev] 

and t h e  r a d i c a l  011 i s .  produced i n  t l ie s t a t e  'L. 
wavelength i s  1216 A ,  &he maximum impul.st t r a n s m i t t e d  t o  t r t i c .  raciic-al OH re- 
s u l t s  i n  a r e c e s s i o n  v e l o c i t y  o f  20 cm/scc,  t h e r e f o r ( . ,  q u i  t ( '  n e g l i g i b l e  i n  re- 
l a t i o n  t o  t h e  t h e r m a l  v e l o c i t i e s .  The  same c a l c u l a t i o n  can b e  r e p e a t e d  f o r  t he  
r e a c t i o n s  IiCN + I I V  + H + CN and NH3 + h u  + H C N i l 2 ;  t h e  r e c e s s i o n  v e l o c i t i e s  

found are  smaller s t i l l .  

i t  is a q u e s t i o n  of t h e  d i s s o c i a t i o n  of H 2 0  i n t o  OH + ii by a W 

For an i n c i d e n t  photon whose 

L e t  u s  c a l c u l a t e  t h e  pho tomet r i c  p r o f i l e  o f  molecu le  C ,  which i s  t h e  same 
as c a l c u l a t i n g  t h e  d e n s i t y  of C p e r  s u r f a c e  u n i t  w i t h  r e s p e c t  to t h e  p r o j e c t e d  
d i s t a n c e  p t o  t h e  c e n t e r  of  t h e  head. For conven ience  i n  u s i n g  t h e  r e s u l t s ,  
w e  have s t a n d a r d i z e d  t h e  v a r i a b l e s  as follows: 

t h e  u n i t  of l e n g t h  is  chosen e q u a l  t o  T ~ u ~ ,  T~ b e i n g  t h e  l i f e t i m e  of t h e  

obse rved  r a d i c a l ,  and vH t h e  maximum v e l o c i t y  of t h e  Maxwell d i s t r i b u t i o n ;  

t h e  u n i t  of t i m e  i s  chosen e q u a l  t o  T ~ .  

111 t h i s  system, p w i l l  b e  r e p l a c e d  by t h e  d i m e n s i o n l e s s  v a r i a b l e  

T h  x n -.L.+.. tliid tiit_. l i fetimes -in itmi 'rs by ttie t i i iner is ion~est j  parameters a = - ' C*M 'c 
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T B  V 

TC vM 
and b = -. V e l o c i t y  w i l l  b e  expres sed  by V = -. 

The v o l u m e t r i c  d e n s i t y  of r a d i c a l  C w i t h  r e s p e c t  t o  t h e  s t a n d a r d i z e d  d i s -  
t a n c e  K t o  the c e n t e r  is expres sed  by: 

. f snr '12 
where i;:cV] c ,-) v2e-vL is t h e  Maxwcll d i s t r i b u t  ion t un l - t ion  expres sed  w i t h  

2nkT 
r e s p e c t  t o  V.  

NA(%) is t h e  v o l u m e t r i c  d e n s i t y  of molecule  A a t  a d i s t a n c e  from t h e  
c e n t e r ;  w e  s h a l l  t a k e  N A ( Q ) R ~  2 e q u a l  t o  u n i t y .  

The s u r f a c e  d e n s i t y  a t  t h e  d i s t a n c e  X from t h e  c e n t e r  is t h e n  o b t a i n e d  by 
i n t e g r a t i n g  (1) a l o n g  t h e  l i n e  of s i g h t ;  w e  have:  

We have c a l c u l a t e d  n,(X) b y  numerical  i n t e g r , l t i o n  f o r  a s e r i t s  of va1ut.s 

o f  the paramete r s  2, and &I, A f c w  examples o f  these r e s u l t s  a r e  g i v e n  i n  

F i g u r e  1 whcxre log n (X) is t h e  o r d i n a t e  and  log X t h e  a b s c i s s a .  Th i s  p r r sen -  

r a t i o n  h,is the nclvantc-zy,c~ of making easier t h e  compari.son o f  t h e  s t u d i e d  p r o f i l e  

w i t l i i n  X-' whicti r e p r e s e n t s  a uniform expans ion  from a s o u r c e  p o i n t  ( s t r a i g h t  
l i n e  a t  4 5 " ) .  

C 

L e t  us  remark t h a t  a t  e q u i l i b r i u m  t h e  pho tomet r i c  p r o f i l e  of a band ou t -  
s i d e  t h e  a t n o s p h e r e  is c o n s t a n t .  I n  f a c t ,  i f  t h e  r a t e  of p r o d u c t i o n  of t h e  
s o u r c e  molecu le s  changes ,  t h i s  co r re sponds  o n l y  t o  a s h i f t i n g  o f  t h e  p r o f i l e  
a l o n g  t h e  o r d i n a t e  ax is .  I f  t h e  e j e c t i o n  v e l o c i t y  changes (a tmospher ic  t e m p -  
e r a t u r e ) , t h i s  co r re sponds  t o  a s h i f t i n g  of t h e  p r o f i l e  a long  t h e  a b s c i s s a .  A 
change i n  l i fe t imes  l B ,  and T~ due ,  f o r  i n s t a n c e ,  t o  a change of t h e  h e l i o -  

c e n t r i c  d i s t a n c e ,  l e a v e s  t h e  p r o E i l e  unchanged s i n c e  a l l  t h e  l i f e t i m e s  v a r y  
p r o p o r t i o n a l l y  and g and depend o n l y  on t h e i r  r a t i o s .  However, i t  shou ld  n o t  
b e  f o r g o t t e n  that t h i s  is t r u e  o n l y  a t  e q u i l i b r i u m ;  i f ,  f o r  i n s t a n c e ,  we have 
a sudden  e J e c t i o n  o f  mater.la1, o r  i f  we have' >I r a p i d  va r l a l r ion  i n  t h e  l i f e -  1209 
t imeti  d u c ~  t o  rap id  vnr ' i : i t ions of t h e  solar FJux, tlie y h o t o m r t r i c  p r o f i l e  of 
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t h e  bands w i l l  b e  markedly mod i f i ed .  

iogNj I I i I I 
I 

I I 1 I I I 
*’ L0y x - 3  -2 - 1  0 

F i g u r e  1. 

The e s s e n t i a l  c h < i r a c t e r i s t i c s  of t h e s e  c u r v e s  are a l w a y s  t h e  s a m e  whatever  
t h e  values t dken  l o r  t h e  parameters 5 and b; t h e  i n f l u e n c e  of  parameter li is 

n e g l i g i b l e .  
zone whose s l o p e  toward the center  i s  > -1 and toward the o u t s i d e ,  a d e s t r u c -  
t i o n  zone whose s1.ope d e c r e a s e s  r a p i d l y .  For v a l u e 8  of parameter & 0.1 ,  /&Q 
the expans ion  zone d i s a p p e a r s  and rlie s l o p e  d e c r e a s e s  r e g u l a r l y  when one p a s s e s  
from t h e  center  t o  the edge o f  t h e  comet. 

-0 -1 We have an expans ion  zone w i t h i n  X su r rounded  by a p r o d u c t i o n  

We must n o t e  t h a t  these c u r v e s  r e p r e s e n t  t h e  p r o f i l e  f o r  p r o j e c t e d  d i s t a n -  
ces s p r e a d  on more t h a n  t h r e e  o r d e r s  of magnitude. I n  p r a c t i c e ,  the p r o f i l e  
o b s e r v a t i o n s  seldom make it p o s s i b l e  t o  have X va ry  more t h a n  one  o r d e r  of mag- 
n i t u d e ,  and t h e  observed p r o f i l e s  t h e n  r e p r e s e n t  o n l y  a p o r t i o n  of the c u r v e s  
p r e s e n t e d  i n  F i g u r e  1. In t h e  p r o d u c t i o n  zone,  t h e  p r o f i l e  s t a n d s  o u t  c l e a r l y  

from t h e  X- l  p r o f i l e  o n l y  f o r  t h e  v a l u e s  of X c l o s e  t o  t h e  v a l u e  of b-, and f o r  
t h e  same v a l u e  of  two p r o f i l e s  c o r r e s p o n d i n g  t o  v a r i o u s  v a l u e s  of  c a n  b e  
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w e l l  d i s t i n g u i s h e d  o n l y  f o r  v a l u e s  of X between 2 and b. T h e r e f o r e ,  we can es- 
timate t h e  s p a t i a l  r e s o l u t i o n  n e c e s s a r y  t o  o b s e r v e  t h e  formation of molecule  C .  
The f o l l o w i n g  table g i v e s  some t y p i c a l  v a l u e s .  

0 .2  

0.5 

1 

1 .5  

TABLE 1 . 

375 1,050 3,000 

937 2,600 7 , 500 

1,875 5,250 15,000 

2,800 7,900 22,500 

The examinat ion  of t h i s  t a b l e  shows immediately t h a t  i t  i s  i n d i s p e n s a b l e  
t o  use  a n  i n s t r u m e n t  g i v i n g  a v e r y  h i g h  s p a t i a l  r e s o l u t i o n  i f  one  wants  t o  ob- 
t a i n  p r e c i s e  and s i g n i f i c a n t  pho tomet r i c  p r o f i l e s .  T h e  f o l l o w i n g  t a b l e  g i v e s  
t h e  r e s o l u t i o n  i n  km t h a t  one o b t a i n s  w i t h  a diaphragm of 1 mm a t  t h e  Casse- 
g r a i n i n n  Xocus of t h e  200 i n c h  t e l e s c o p e  a t  Mount Palomar (2 .5  seconds/mm), o f  
t h e  193  cln t e l e s c o p e  a t  t h e  IIaute Provence Obse rva to ry  (7 secondsjmm) and of 
a 60 t o  80 cm t e l e s c o p e  o € t c n  used f o r  p h o t o e l e c t r i c  photometry (20 seconds/mm). 
The r e s o l u t i o n  is c a l c u l a t e d  f o r  f o u r  g e o c e n t r i c  d i s t a n c e s  t y p i c a l  f o r  the * 

comet. 

TABLE 2 .  j 2 l . 1  

7'Re cornparinon of tlio t w o  tnh1c.s show t l ia t  a conret must h c  e x c e p t i o n a l l y  
ntxir LO tlir earth in  0rde.r fo r  ptrotumetry pericjrmed w i t h  a c l a s s i c a l  i n s t r u m e n t  
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t o  teach u s  something u s e f u l  on t h e  p r o d u c t i o n  of r a d i c a l s  a t  t h e  c e n t e r  of t h e  
head .  

COMETARY PHOTOMETER 

We s a w  i n  t h e  p r e c e d i n g  s e c t i o n  t h a t  one  e s s e n t i a l  c o n d i t i o n  f o r  o b t a i n i n g  
good p h o t o m e t r i c  p r o f i l e s  w a s  t o  work w i t h  a v e r y  l a r g e  s p a t i a l  r e s o l u t i o n .  To 
f u l f i l l .  t h i s  c o n d i t i o n ,  it. is n e c e s s a r y  t o  USE a b i g  t e l e s c o p e .  I t  i s  a l s o  i n -  
J ispensnbI .e  t o  work w i t h  a large s p e c t r a l  r e s o l u t i o n  i n  o r d e r  t o  separate per-  

varioirs bands of r a d i c a l s  and continuum. T h i s  q u a l i t y  i s  e s s e n t i a l l y  
h c  photometer  ursed and we w i l l  b r i e f l y  a n a l y z e  t h c  t e c h n i q u e s  c u r r e n t -  

l y  UkIjad. 

F i r s t ,  w e  w i l l  t r i t e  as a reminde r  t h e  p r o i i l e s  p i cked  u p  from photographs 
w l t h  o r  w i t h o u t  a f i l t c * r  [ K .  M. Yoss, 1953; F. 1). Mll lc r ,  1 9 5 5 ,  J960 ,  1961; K .  
M u m  and 13. Balazs,  19631, ‘i’his p r o c e s s  accumula t e s  t h e  d i s a d v a n t a g e s  i n h e r e n t  
in ptthtographic  photometry i n  g e n e r a l  ( s m a l l  dynamic s c a l e ,  c a l i b r a t i o n  d i f  f i- 
c u l t i e s ,  n o n r c p r o d u c i b i l i t y  and  i m p r e c i s i o n  i n  t h e  mcansurcmcnts) and t h e  fac t1212 
t h a t  the p a s s i n g  band i s  a l w a y s  enormous and ba&lly d e f i n e d .  T h e r e f o r e ,  one  
e s t a b l i s h e s  l a b o r i o u s l y  the i n a c c u r a t e  p r o f i l e  of a n  i n d e f i n i t e  m i x t u r e  of uar-  
i o u s  bands and of t h e  continuum. These p r o f i l e s ,  t h e r e f o r e ,  are comple t e ly  use- 
less and good photographs of t h e  comet w i l l  o n l y  serve t o  v e r i f y  t h e  symmetry 
of  t h e  coma on t h e  t o t a l  image. 

We o b t a i n  i n i t i a l  improvement by u s i n g  a p h o t o e l e c t r i c  photometer  w i t h  
c o l o r e d  f i l t e r s ,  b u t  t h e  s p e c t r a l  r e s o l u t i o n  so  o b t a i n e d  does  n o t  make i t  pos- 
s i b l e  t o  s e p a r a t e  t h e  s h a r e  of t h e  d i f f e r e n t  bands from t h e  s h a r e  of t h e  con- 
t.inuum. [M.  F. Walker ,  1958; R. Bouigue, 1958; D. Malaise, 1962; P. Mimes,’ 
1958; W.  M. S i n t o n ,  19591. 

F i n a l  improvement c o n s i s t s  o n l y  i n  r e p l a c i n g  t h e  c o l o r e d  f i L t e r s  by i n t e r -  
f e r e n t i a l  f i l t e r s  [M. Schmidt and 13. Van Woerden, 1957; C. R .  O’Dell, 1961; C .  
K. (>‘Dell  and I). E. O s t c r b r o c k ,  1962 ;  W .  L i l l e r ,  19611. But t h e s e  f i l t e r s  a l -  
ways have r a the r  l a r g e  wings (b r ims)  which sometimes n e c e s s i t a t e  f a i r l y  impor- 
t a n t  c o r r e c t i o n s  t o  t h e  obse rved  p r o f i l e s .  Apart  f rom t h i s  s o u r c e  of e r r o r  and 
i m p r e c i s i o n ,  w e  m u s t  p o i n t  o u t  t h a t  t h i s  t e c h n i q u e  o n l y  a l l o w s  t h e  s t u d y  of one 
band a t  a t i m e ,  b u t  r a t h e r  f r e q u e n t l y  w e  have on ly  n l i m i t e d  time f o r  t h e  ob- 
s e r v a t i o n  of a comet. T h e r e f o r e ,  we w i l l  have t o  b c  c o n t e n t  w i t h  t h e  s t u d y  of 
o n l y  one band and t h e  a d j a c e n t  continuum f o r  cnch n i g h t  of o b s e r v a t i o n  o r  we 
will have t o  make up o u r  mind t o  l o s e  t i m e  and data i n  o r d e r  t o  change t h e  f i l -  
ters. I n  t h e  first case, w e  s a c r i f i c e  d e l i b e r a t e l y  one  of o u r  bestr. s o u r c e s  of 
d a t a ,  i .e . ,  t h e  comparison of p r o f i l e s  of d i f f e r e n t  bands a t  t h e  s a m e  t i m e  and 
t h e i r  re la t ive  e v o l u t i o n  w i t h  r e s p e c t  t o  t i m e .  I n  t h e  second  case t h e  a c c u r a c y  
of each p r o f i l e  which i s  rough ly  p r o p o r t i o n a l  t o  the d u r a t i o n  of t h e  measure- 
ment w i l l  be  i n v e r s e l y  p r o p o r t i o n a l  t o  the number of bands s t u d i e d .  Moreover, 
w e  w i l l  n e v e r  be  s u r e  t h a t  the  p r o f i l e s  of v a r i o u s  bands co r re spond  e x a c t l y  t o  
&he same spot  on t h e  comet. T h e r e f o r e ,  i t  w i l l  n o t  b e  p o s s i b l e  t o  d e t e c t  an 
e v e n t u a l  d i sp l acemen t  of t h e  maximum of t h e  v a r i o u s  bands s t u d i e d .  

I n  p r a c t i c e ,  one c u s t o m a r i l y  took  t h e  p r o f i l e  no t  by l e t t i n g  t h e  comet 1 2 1 3  
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image nar rowly  p a s s  on a s m a l l  diaphragm cons t i t u e r i t  , t h t .  rc>sol u t i o n  ~ 1 1  cniriit, 
btjr by nieaqurinp, t h e  f l u x  through diaphragms of' v a r i  O I I S  (I i.iiwtt\rs rtnnt c . r c d  on 
~ t t ~  comct. T h i s  tc.chniquts h a s  t h e  adv;int,i):t t l i ; i t  o i t ( 8  11 ; i s  L \ >  n i t ~ : i ~ t i r c ~  . i  ( ' L I T  I ( s i l t  

j i c . ~ r l y  y r o I v ~ r t i o i i a 1  t o  tlic rli3I)liragni di.inietet., his I 1 i . i ~  t1i1.i ( L  i:; 1113 . i c ' c - i i r . i c * y  

w h c u  o n e  tiivmurc's ttit. rcy,iotis wlicri. t h c b  1 r i m I i i o s i t y  I J L ' I  ! ; i t 1  i : i t *e  i i i r !  t b ~ ~ l  oiiit'?.; 

~r .lnd w c a k e r .  T h i ~  ; l c iv , t i1 tagc~  i s  ~~t11111t . i~~-- l ) ; i  1c1111.c~l b y  iii1iit('t-()Iis CI I ~ i l t i v . l n t  .IK- 

e s :  we nir is t  inakc an addi  t iotia1 unwindi1iy, in  o r c l ~ ~ r  t o  ( . , t I (  1 1 1 , i ~ t ~  tlie d e n s i t y .  
We. nust asstinick L l i i t t  t h t .  cumu J i m  ;I c'i rculoi-  synunc:t r y .  V i t a  I I I ~ I X  iinuni d inmt, ter  o f  
t h e  Jfaplirnam iw s t r u i i g , l y  1 i m i  t c d  L)y t t i t ,  vvcwttia1 p r ( ~ s l ~ l ~ ( - t ~  stars i n  t he  
f ' ie lc i .  For e L r r . t ,  tl.i;iplira~;m, ;I clirfi trenL r c y i i o i i  c T f  t l i t .  t i l t t a i  ic; u s r d .  F i n a l l y ,  
111 pr;i(:ticc, w e  in i i sL  1 i r n i t  ~ ~ u i - r ; t ~ l v t . t - i  t o  5 o r  0 ;rpcr'turci:;. o b v i o t l s l y ,  w i th  surh 
n sinal1 nurnbvr of p o i n t s ,  i t  is o n l y  p o s s i b l e  to  h,ivc. .in t J x t r r m r * l y  vague idea 
o f  t h e  pho tomct r t c  p r o C i l c .  

I f  w e  add t o  t h e  p reced ing  remarks t ha t  photoclcct K i c  'p i iotometcrs  a r e  
t r a d i t i o n a l l y  used at t l i e  C a s s e g r a i n i a n  f o c u s  of small t e  lchscoptis, w e  m u s t  ad- 
mit t h a t  a l l  t h e  c o n d i t i o n s  f o r  o b t a i n i n g  mediocre  p r o f i l e s  a c c o r d i n g  t o  t h e  
s t a n d a r d s  we j u s t  e s t a b l i s h e d  have been  s c r u p u l o u s l y  fo l lowed .  It  seems t h a t  
t h i s  comes mainly from t h e  f a c t  t h a t  comets ,  i n  most cases, are  on ly  o c c a s i o n a l  
o b j e c t s  of s t u d y ,  and t h a t  i n s t r u m e n t s  normal ly  des igned  for s t e J l a r  photometry 
a r e  t h e n  s l i g h t l y  mod i f i ed  f o r  cometary photometry.  

The impor t ance  and t h e  s p e c i f i c i t y  of t h e  s u b j e c t  r e q u i r e s  t h a t  a s p e c i a l -  
i z e d  i n s t r u m e n t  f o r  the s t u d y  of pho tomet r i c  p r o f i l e s  of  comets be c o n s t r u c t e d .  
T h e r e f o r e ,  we under took  t h e  c o n s t r u c t i o n  of a cometary s p e c t r o p h o t o m e t e r ,  a 
b r i e f  d e s c r i p t i o n  of which fo l lows :  

' h e  i tis Crument i s  I n t h e  f o r m  of a ('oitcavc.' nctwvrk s p v ( ' t  roscope  whose . 
sourut: i s  '1 ciiaplirLik:m w i  t h  ;L < * i r c u l a r  apc>rturc. p l ac id  .kt t l i c  T O C U S  of the telc- 
&cope  ( F  = 1 ) >  . ' I b c  r l i spc : r s ive  c u n s t i t u c n t  is a f i x e d  c o n r a v t 1  ncaLwork w i t l i  / 2 1 4  
a curva tu r t t  r ; i r l i . w  of 7511 nim*. T h i s  network has  a sur fa r t '  rirt';i 4 5  mrn b y  65 mm 
engrnvcd w i t h  982 lines p r r  mm, and a b l a z e  angle  of  13 '03 ' .  The bands f o r  
s t u d y  a r c  s e l e c t e d  by n series o f  mobi lc  and a d j u s t a b l e  s l i t s  o n  a Rowlarid c i r -  
c l e .  The p h o t o m u l t i p l i c r s ,  t y p e  ASCOP 541 A 05 M, a r e  p l aced  behind t h e  s l i t s  
between t h e  s a g i t t a l  and t a n g e n t i a l  foca l  l e n g t h s  of t h e  ne twork .  We use t h e  
Paschen s e t t i n g  w i t h  an i n c i d m c e  a n g l e  o f  32'25'. Under t h e s e  c o n d i t i o n s ,  t h e  
l i g h t  co r re spond ing  t o  t h e  b l a z e  is  d i f f r a c t e d  a t  a n  a n g l e  of 3"41' and c o r r e s -  
ponds t o  6200 1 i n  t h e  f i r s t  o r d e r  and t o  3100 i n  t h e  second .  T h i s  s e t t i n g  
w a s  e s p e c i a l l y  conce ived  t o  f a c i l i t a t e  t h e  s t u d y  of MI2 ( i n  t h c  r e g i o n  of 5720 

and 6640 &, NH ( i n  t h e  r e g i o n  of 3370 8) and e s p e c i a l l y  OH ( i n  t h e  r e g i o n  of 
3100 x) .  

The bands c o r r e s p o n d i n g  t u  wavelengths  between 4050 (C3) and 6640 (Ntfz) 

a r e  s t u d i e d  i n  the f i r s t  o r d e r  and those between 3100  (OH) xnd 3880 (CN)  i n  t h e  
second o r d e r ,  

Tlrlr; sys tem hi is  the a t i v t ~ i i t a r ( ~  o f  giving prnc t  I c o l l y  ctrnsti int  ast i p ,ma t i : jm  f o r  

Herice, tlie extreme t l i f f r c i c t i o n  angles are  4L3" (CN) and -8' (C,). 

*Rausch imd Lomb, no. 35-52-15-64. 
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spec t ra l  r e g i o n  under  c o n s i d e r a $ i o n  [ B c u t l e r  l.94.‘; ‘l’. Nniiiiok.i, l!I5(1] . ‘ I ’ l i c *  

p e r s i o n  of t h e  i n s t r u m e n t  i s  L4 A/mm i n  t h e  f i r s t  o r d t b r  a t id ,  o r  (*oui 
A/mn i n  the second ,  The i n l e t  diaphragm d iame te r  is f i x e d  .it 1 mni I n  pr i l i1 . i -  
p l e  b u t  a c c o r d i n g  t o  t h e  b r i l l i a n c e  of t h e  s t u d i e d  o b j e c t ,  o t h e r  b e t t e r - s u i t e d  
dimensions can b e  used.  

The i n l e t  diaphragm is p l a c e d  a t  t h e  c e n t e r  of a l a r g e  d i d g o n a l  m i r r o r .  
From t h e r e ,  t h e  f i e l d  image is  c a r r i e d  i n  t h e  p l a n e  o f  ;i r e t i c l e  where i t  can  
b e  obse rved  d u r i n g  the measurement by means of a s l i g l i t l y  mngnifylng ( t o  l a r g e  
f i e l d )  o c u l a r .  ‘17-lis s y s t e m  of vls ic tn  p e r m i t s  r i g o r o u s  aligriment d u r i n g  t h e  
measuring.  A marking s y s t e m  makes i t  p o s s i b l e  t o  r e c o r d  brief s i g n a l s  on t h e  
r e c o r d i n g s  i n  o r d e r  t o  mark the  p a s s a g e  of the c e n t e r  of t h e  comet on t h e  d i s -  
tance r e f e r e n c e  marks of t h e  r e t i c l e .  The sweeping is performed by means of 
t h e  s low c o r r e c t i v e  movement d u r i n g  s t r a i g h t  l i n e  a s c e n s i o n  of t h e  t e l e s c o p e .  
S i n c e  w e  work w i t h  6 c h a n n e l s  a t  t h e  same time, t h e  commutation s e n s i t i v i t y  1215 
of  t h e  electrometers w i l l  b e  a u t o m a t i c a l l y  ensu red  by s m a l l  l o g i c  sys t ems  ac- 
complished w i t h  m i c r o c i r c u i t s .  The i n s t r u m e n t a l  p r o f i l e  of t h e  s p e c t r o p h o t o -  
meter i s  e x c e l l e n t  as c a n  b e  s e e n  on t h e  f e w  examples g i v e n  i n  F i g u r e  2. It 
must a l s o  b e  n o t e d  t h a t  t h e  c u t o f f  wave leng ths  of each  band can e a s i l y  b e  ad- 
j u s t e d  t o  w i t h i n  tl of t h e  v a l u e .  Tlie ad jus tmen t  and i t s  check w i l l  b e  made 
c.asi1.y and q u i c k l y  by i l l u m i n a t i n g  t h e  i n l e t  diaphragm w i t h  a s o u r c e  which 
g ives  c d i b r a t i o n  l i n e s  on t h e  f r o n t  s i d e  of t h e  s l i ts .  The s l i ts  w i l l  t h e n  b e  
p o s i t i o n e d  w i t h  r e s p e c t  fro t h e s e  l i n e s  w i t h  t h e  d e s i r e d  accu racy .  

Figure 2 .  

I n  order t o  estimate t h e  performance of t h e  a p p a r a t u s ,  w e  made an approx i -  
mate c a l c u l a t i o n  of i t s  d e t e c t i o n  a b i l i t y .  F i r s t ,  l e t  u s  d e f i n e  a series of 
charac te r i s t ic  p a r a m e t e r s :  

1 2  



307 7 3 1 no 
334R 3874 ---"- A t l a s  -- o f  Rcprese-p-ta t i v e -  

II Cometary _Spectra (I?. Swings coni. 3686 3673 
3HH4 and I,. [ l a se r )  and from tlie c N 3HfrO 

d e t e c t e d  i n  t h e  h i g h  re- c, 4010 4077 
4140 4178 cont. 
429rt 4316 cw 

vont. 4384 4474 

wavelengths  g i v e n  i n  t h e  OH 
N N 

mere comple te  list of  l ines cant. 3910 394H 

s o l u t i o n  s p e c t r a  of t h e  
MRKQS 1957 d comet (A.  

s = d e t e c t i o n  a b i l i t y  of t h e  amp1 i f ' i c n t f o n  s y s t e m  expressed i n  photoe lec-  
t r o n s  per see. 

. F = r e l a t i v e  a p e r t u r e  of t h e  t e l e s c o p e  ( f / C ) .  
Ab = number of t r a n s i t i o n s  per  second pe r  molecu le  i n  band b up t o  1 A . U .  

A = d i s t a n c e  from t h e  e a r t h  t o  t h e  comet. 

N ( r )  = N o ( q / r l 2  = v o l u m e t r i c  d e n s i t y  of t h e  e m i t t i n g  molecu le  a t  d i s t a n c e  

of t h e  sun .  

r from t h e  c e n t e r  of t h e  head ,  expres sed  as  a f u n c t i o n  of t h e  d e n s i t y  N o  a t  
d i s t a n c e  ro a c c o r d i n g  t o  t h e  l a w  of a s i m p l e  expans ion .  

from t h e  c e n t e r  o f  t h e  head;  n ( x )  is s imply  t h e  i n t e g r a l  of N(r)  f o l l o w i n g  t h e  

2 n(x) = Noro/x = s u r f a c e  d e n s i t y  of  t h e  comet a t  t h e  p r o j e c t e d  d i s t a n c e  x 

CI 4667 47.37 
corit 4748 4837 
c , 61 12 8167 
C'0111. 6184 6280 
cont. 6637 5 7 0  
NI1, f i 7 0  5743 
con t , 6413 8466 
NH I 6592 662 1 
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l i n e  of s i g h t  c u t t i n g  t h e  comet a t  d i s t a n c e  x from t h e  n u c l e u s .  

a = r a d i u s  of t h e  i n l e t  diaphragm of t h e  photometer  i n  c m .  

Assuming t h a t  a is s m a l l  enough f o r  n (x )  t o  be  c o n s t a n t  on t h e  e n t i r e  su r -  
f a c e  co r re spond ing  t o  t h e  p r o j e c t i o n  of t h e  diaphragm on t h e  comet ,  assuming 
a1so t h a t  t h e  d i s t a n c e  f r o m  t h e  e a r t h  t o  t h e  comet i s  much l a r g e r  t h a n  t h e  d i a -  
meter of t h e  comet ,  t h e  number of e l e c t r o n s  e m i t t e d  p e r  second by  t h e  photo- 
ca thode  when t h e  diaphragm is c e n t e r e d  a t  d i s t a n c e  x from t h e  c e n t e r  of t h e  

CN C2(1-0)  C2(0-O) C 2 ( 0 - l )  

0.11 0.35 0.18 1 

E v a l u a t i n g  t h i s  c u r r e n t  a t  the minimum d e t r c t . i k l e  curt-enc s ,  one o b t a i n s  
a n  e x p r e s s i o n  f o r  t h e  minimum d e n s i t y  No t l i a t  tlie c o m e t  r n i i s l  have a t  a d i s -  
t a n c e  r g  i n  o r d e r  t h a t  i t  can  b e  d e t e c t a b l e  as far iis !-l i t% prtl j t l r t e d  d i s t a n c e  x. 

/ 218  

OH NH cw 
146 2.4  0.23 

P u t t i n g  i n  t h i s  e x p r e s s i o n  x = ro = xM, we o b c a i n  t h e  minimum d e n s i t y  t h a t  
can  be observed  as  f a r  as the d i s t a n c e  xN from t h e  nut leus (vxpressed i n  em). 

I ( i  1'2 8 1 1:x 8 I 

x~u.%?,( jL)& X M  a2QAt, X M  

The following t nb l t .  g i v c s  t h e  v a l u e s  of AI, t h d t  w e  uscJd for  t h e  numer ica l  

s m i. - - 2 1,iJL 

c a l c u l a t i o n  [Arpigny,  19651: 

Therefore, i~ssul~~ing;  tIlilt orte c a n  menscirc* it c.tcttitrtle currc.nL of 500 c . / sec  
and working w i t h  a n  i n l e t  diaphragm w i t h  1 min diamcter, o n e  finds tha t  t h e  

minimum number of molecules  per cm3 d e t e c t a b l e  a t  40,000 km from t h e  nuc leus  is: 

14 
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u 91 5 /01 /60  0 . 2 4 5  1.055 

I k e y a  

V 9 2 7  3 / 0 3 / 6 3  0 .690  0 . 7 4 5  

I V 9 6 4  3 / 1 3 / 6 3  1 .035  0.660 

1 9 . 5  

19 .5  

i 

Figurr .  3. 

*See a l s o  Doss in  e t  a l . ,  1 9 6 1 .  
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l?ic examina t ion  of the  f i g u r e  shows immediately and  i n  a q u a n t i t a t i v e  way 
derable p r o f i l e  d i f f r r m c e s .  ‘The grad icsn t  o f  t l i c .  b , i n r l s  inc,reases when w e  
succeAssiut~ly f r t i n i  CN L o  C2 t c )  t o  [Xi. 

/222 
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The d i s t a n c e  s c a l e  is n o w  l o g a r i t h m i c .  We immediately obse rve  t h a t  t h e  
spectra used can o n l y  g i v e  t h e  head p r o f i l e  i n  ci v e r y  L i m i t e d  r e g i o n :  0.7 T O  

0.9 on t h e  l o g a r i t h m i c  scale .  T h i s  is the main disactvant':1):cx of t h i s  t t lchnique 
and p r e v e n t s  making a dct . t  i l c ~ t l  cwiipctr iscw t ~ f  t l i t a  obs(1rvcvI pror i 11's , i t i t 1  c r f  L ~ I L ~  

Figure  5 ,  

d i s s o c i a t i o n  p r o f i l e s  p r e s e n t e d  i n  t h e  f i r s t  s e c t i o n .  A second d i s a d v a n t a g e  
o f  t h i s  t e c h n i q u e  is t h a t  i t  r e q u i r e s  a n  enormous amount of work: t h e  f e w  pro-  
f i l e s  w e  p r e s e n t  h e r e  r e q u i r e d  t h e  measurement and r e d u c t i o n  of more t h a n  ele- 
ven thousand i n d i v i d u a l  l i n e s .  One of t h e  main advan tages  is  t h e  g r e a t  accur- 
acy which can be reached .  Each p r o f i l e  is t r a c e d  from abou t  f o r t y  p o i n t s  and 
the  mean c r r o r  i s  n o t  g r e a t e r  t h a n  4 t o  5 t imes  t h e  t h i c k n e s s  of t h e  l i n e s  
used  i n  the  g r a p h i c a l  p r e s e n t a t i o n .  In  f a c t ,  for  a band p r e s e n t i n g  numerousf224 
l i n e s ,  l i k e  C 2 ,  the accuracy  is on ly  l i m i t e d  by t h e  s y s t e m a t i c  d e v i a t i o n s  of 

t h e  Lndividuol  l i n e s  from t h c t  avc*ragc prof i l e .  



F i g u r e  6. 

The Burnliam comet p r o f i l e s  a re  p r e s e n t e d  i n  Figures  4 t o  7 ,  by t h e  band ,  
and f o r  e a c h  band  i n  t h e  o r d e r  of i n c r e a s i n g  h e l i o c e n t r i c  d i s t a n c e ,  i .e.,  For 
e a c h  band t h e  p r o f i l e s  a r e  p r e s e n t e d  From t o p  t u  b o t t o m  i n  t h e  o r d e r :  V 86,  
V 88 ,  V 9 0 ,  U 68 and U 91. The f u l l  l i n e  and t h e  d o t t e d  l i n e  r e p r e s e n t  t h e  
p r o f i l e s  on each s i t l c :  of t h e  c e n t e r  o f  t h e  hcacl f o r  t h e  same band and  t h e  / 2 2 5  
same s p e c t r u m .  

Since  we have  o i i l y  s t - u l j c d  t w o  s p r ~ t r a  u p  io n o w  f o r  t l i t .  l k c y a  comc’t, i l l 1  

t h e  profiles arc’ p,roup(.d i n  F i g u r e  8. 

c a u s e  th is  s p e c t r u m  is u n f r l r t u n a t r l y  b r o k e t i  i n  L t i c  m i d d l e  o f  t l i c s  4050 j;rtJup. /226. 
‘ I ’ l i t ~  (;,j prof i le  of V 0 6 4  is m i s s i n g  be- 

If w e  compare t h e  p r o f i l e s  o f  t h e  Iiurnlinm comet from t h e  p o i n t  of  view o f  
symmetry, w e  see immedia t e ly  t h a t  CH i s  r emarkab ly  s y m m e t r i c a l  and  t h a t  t h e  CN 

19 
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-! 

Figure 7. 

*We call the “gradient“ of a band the  s l o p e  of the  logarithm curve I w i t h  
respect t o  logarithm p ,  whose s i g n  w a s  changed. 
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F i g u r e  8 .  

comet moves away from t h e  sun .  For t h e  Ikeya comet,  i t  is n o t  y e t  poss ib l e  to 
compare the band symmetry because we measured o n l y  t w o  s p e c t r a ,  b u t  a c o m p a r i -  
son w i t h  the Burnham comet i s  i n t e r e s t i n g .  We sce  t h a t  t h e  C N  anti C 2  p r o f i l e  

g r a d i e n t s  iirc’ r l . t ~ a r l y  H m a J  1e.r  t o r  Ikt.ya.  C 2  and CH profile's arc’ i d e n t i c a l  for  

V 964 and 13urnli,iin b u t  t h e  prof i 1 t . w  ot. tlitlt;c* t w o  radicals ~ : l l o w  ;I clear  Llf~viat  Lon 
w h e n  wc’ gu from V 964 to V 927. 

We do n o t  want t o  d r a w  prcmat~i re  conclusions from s u c h  l i m i t e d  ohserva-  
t i o n  material. W e  s t i l l  have two s p c c t r a  rrom t h e  Burnham comet and i i  few 
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s p e c t r a  from t h e  I k e  a and Seki-Lines  comets.  W e  would a l s o  l i k e  t o  g e t  spectra 
f loin t h e  same cc.miets,,w~ich o t h e r  g r e a t  o b s e r v a t o r i e s  Ii;ivc. p,;itli(.rc~d spec t r ; i  i n  
orcjer t u  liave Q wrlerj  t h a t  I s  LIS wmplcte  a s  possi1~1 i b .  

Pr 

liuwtw('j*, WI' w o u l t ~  L i ice. t 1) e i i t l  w i L I \  tiic t c'w 1 . 1 )  I I OW i i t ) ;  r(*iii,ir k 51. ' 1 1 1 4 ~  s t  ronK 
y r d  i l r !  dlvk+yirrmcbtry w4' 1 h s t . r v t d  t o r  ~ m t *  r,idi\..ils C . * I I I I I O L  . I [  t I- i b u t c v l  t o  i i i i  

o p t i c a l  dc>pI*ii c b f  f e c t  i n  t l i i s  cast' [ArpLp,iiy, 1Yh'iI. 'This  1 '1 .1  t 8 t . t  s ltoulcl  bi. d i s -  
t-inKuishLad as YystematicaJ  l y  s t r o n g e r  f o r  t l i c .  I )andu Ii,ivinp, t l w  11ighrfzt abtrolutk. 
i1ituns.Lt.y. 'Ilie e f f e c t  s h o u l d  even b e  d i f f e r t i n t  i n s i d e  s n n i c .  hand i f  w e  ob- 
stx-vr  a J i n e  or a group r,T l i n e s  wliicli a r c  intciise ( t h e  I i c 1 : i c i  ( 1 1  branch  P of CN 
f o r  i n s t a n c e )  or a l lnc .  of l o w  or ;ivercIgc in t rbns i ty  ( f o r  c~xanipI (~ ,  a n  i s o l a t e d  
l i n e  of  brunch R ) .  
comet C2 and C 3  are v e r y  d i s synune t r i ca l ,  wtiercas CN which is much more i n t e n s e  

is  a lmost  symmet r i ca l  as w e l l .  Fur thermore ,  t h i s  dissymmetry is  fa r  from b e i n g  
c o n s t a n t ;  i t  v a r i e s  f rom one  day t o  a n o t h e r .  
w e  o b s e r v e  h e r e  i s  due t o  a v a r i a t i o n  of t h e  material d e n s i t y  i n  t h e  comet. 
s i d e s ,  t h e s e  v a r i a t i o n s  are s m a l l ,  n e v e r  r e a c h i n g  a c o e f f i c i e n t  of 1 .5 .  We 
must n o t e ,  however,  t h a t  a l l  t h e  mater ia l  a long  t h e  l i n e  of s i g h t  is observed  
and ,  s i n c e  t h e  s p e c t r a  have  been t aken  wi thou t  a f i e l d  r o t a t o r ,  w e  o b s e r v e  t h e  
a v e r a g e  of a s e c t o r  of t h e  comet which can r e a c h  a n  opening  of  90".  V a r i a t i o n s  
i n  l o c a l  d e n s i t y ,  t h e r e f o r e ,  can b e  much more i m p o r t a n t .  I n  any c a s e ,  t h e s e  
d e n s i t y  v a r i a t i o n s  are  r e l a t e d  t o  a v a r i a t i o n  i n  t h e  p r o d u c t i o n  of t h e  observed  
r a d i c a l s .  The s t r i k i n g  p a r a l l e l i s m  between t h e  behav io r  of  C 2  and C 3  from t h i s  

p o i n t  of view seems t o  i n d i c a t e  t h a t  t h e  p r o d u c t i o n  of t h e s e  two r a d i c a l s  i s  
bound b u t  s t i l l  independent  of CN and Ctl p roduc t ion .  

However, w e  do  n o t  have tilai arid w e  scit' t h a t  i n  L h c h  Iiurnham 

m 
I t  seems t l i a t  t t i t i  d i ssymft ry  / 2 2 8  

B e - '  

If: W L ~  examine t h e  sLopc.s  of t h e  v a r i o u s  p r o f i l e s ,  we r ( . a l i z e  t h a t  w e  a r e  
efttier heyorid o r  j u s t  ;it the l i m i t  of  what we c a 1 1 c d  t l r c  t ~ x p a n s i o n  zone. Thk 
(M band Ls an i n i p c ~ r t m t  e x c e p t i o n  t o  this r u l e  becilusc in ,111 ci ises  t h e  p r o -  
f i l e  s lope  o f  thLs band r e a c h e s  v a l u e s  Less than  -1. A l s o ,  i t  seems t h a t  for 
t h i s  band t h e  p r o d u c t i o n  zone and t h e  d e s t r u c t i o n  zone o v e r l i i p ,  which would 
mean t h a t  b C ~  > 0.1. 

t h e  p r o f i l e  t h a t  w e  measured,  i t  seems t h a t  f o r  CH, TCVM 104 km. With a n  

expans ion  speed  of the o r d e r  of 0.5 kmjsrc ,  t h i s  g i v e s  'CH 5S l o 4  sec and f o r  

t h e  s o u r c e  molecu le  of CH, l o 3  sec < T~ 

From as much as w e  can  judge  F r o m  t h e  srriall p o r t i o n  o f  

l o 4  sec. 

The a v e r a g e  s l o p e  o f  t h e  CN p r o f i l e  goes  from -0.35 f o r  V 86 t o  -0.46 f o r  
V 88 and r e a c h e s  -0.76 f o r  U 88 and U 91. A t  t h e  same d i s t a n c e  from t h e  nu- 
c l e u s ,  f o r  I k e y a  t h e  s l o p e  i s  o n l y  -0.15 b u t  becomes a s y m p t o t i c  t o  -1 f o r  d i s -  

t a n c e s  on t h e  order of  km. 

The C2 p r o f i l e  s l o p e  from Burnham is  n e a r l y  c o n s t a n t  and o f  t h e  o r d e r  of  

-0.6. For V 9 6 4 ,  t h e  s l o p e  is a l so  4 . 6  a t  a d i s t a n c e  of km from t h e  
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The 63 p r o f i l e  s l o p e  i n  Burnham goes  from -0.53 (V 86) t o  -0.71 (V 88 and 

V '30) t o  -1 (U 88 and U 91) .  For t h e  Ikeya  comet,  t h e  s l o p e  goes  from -0.42 i n  

t h e  km r e g i o n  t o  -1 i n  t h e  104.3 km r eg ion .  

The f a c t  t h a t  t h e  g r a d i e n t  i n  the  CN and C 3  bands seems t o  d e c r e a s e  con- 

s t a n t l y  when t h e  comet approaches  tlie sun  i s  i n  completc  i*onLradic t io i i  w i t h  t h e  
model which i s  based on t h e  d i s s o c i a t i o n  e q u i l i b r i u m .  I f ,  i n  tlie model,  t h e  
g r a d i e n t  o f  a bund d e c r e a s e s  a t  a given d i s t a n c e  from tlie c c n t c r ,  i t  means t h a t  
TCVM increases. Now i t  is probab le  t h a t  t h e  lifc*tiriie o f  i l  r a d i c a l  i s  propor-  
t i o n a l  LO LIW s q u a r e  o l  t h e  d i s t a n c e  t o  t h c  sun, and tha t  t h c b  speed o f  evapora-  
Cluu is i nve r s t i l y  proport iot i ; i l  L O  thc fou r t l i  r o o t  of t h i s  d i s t a n c e .  T h e r e f o r e ,  
t h e  band g r a d i e n t  shou ld  increase whew t h e  d i s t a n c e  t o  t he  s u n  d e c r e a s e s .  

A t  f i r s t  t h e r e  a r e  on ly  two ways O F  showing t h i s  c . o n t r a d i c t i o n .  The f i rs t  
is t o  assume t h a t  t h e  r a t e  of e v a p o r a t i o n  of t h e  s o u r c e  mo1c~c.ult.s v a r i e s  f a s t  
enough w i t h  t i m e  so t h a t  r e l a t i o n  (1) is no l o n g e r  v a l i d .  T l i t !  second is t o  
assume t h a t  w e  do n o t  have a p u r e  d i s s o c i a t i o n  e q u i l i b r i u m  b u t  t h a t  some r a d i -  
cals  ( o r  t h e i r  s o u r c e  molecu le s )  are formed by a s s o c i a t i o n  i n  t h e  atmosphere 
of t h e  comet. 

I n  t h e  f i r s t  h y p o t h e s i s ,  w e  can  s e p a r a t e  t h e  v a r i a t i o n ,  N A ( R O ) ,  w i t h  t i m e  

i n t o  two components;  a s m a l l  and con t inuous  component co r re spond ing  t o  t h e  f a c t  
t h a t  t h e  ra te  o f  e v a p o r a t i o n  c e r t a i n l y  i n c r e a s e s  when t h e  comet approaches  t h e  
sun ;  a d i s c o n t i n u o u s  and e r r a t i c  component co r re spond ing  t o  the f a c t  t h a t  m a t -  
ter  is sometimes e m i t t e d  i n  an  e r u p t i v e  way, The f i r s t  component c e r t a i n l y  
cannot  accoun t  €or  o u r  o b s e r v a t i o n s  as i t  would mean an i n c r e a s e  i n  t h e  band 
g r a d i e n t s  for a comet approach ing  t h e  sun  and a dc2crease f o r  n comet moving ' 
away, w i t h  r e s p e c t  t c ,  tlre g r a d i e n t  Riven by r e l a t i o n  (1). However, the  Ikeya  
comet. was approach ing  t h e  s u n  whereas  Burnham was moving away from i t ,  and 
the observed  e f f e c t  i s  i n  the same d i r e c t i o n  f o r  bo th  comets .  I n  r e g a r d  t o  t h e  
second component, it. would be ve ry  a s t o n i s h i n g  i f  i t  would g i v e  an  e f f e c t  a l -  
ways i n  tlie same d i r e c t i o n  and which would seem t o  v a r y  c o n t i n u o u s l y  w i t h  t h e  
h e l i o c e n t r i c  d i s t a n c e  even when d i f f e r e n t  comets were compared. The second 
h y p o t h e s i s  seems more p l a u s i b l e .  It: i s  c e r t a i n  t h a t  t h e  g a s  d e n s i t y  i n  t h e  
comet ' s  c e n t r a l  r e g i o n  i n c r e a s e s  when i t  approaches  t h e  sun .  The comet atmos- 
phe re ,  t h e r e f o r e ,  w i l l  i n c r e a s e  i t s  d i a m e t e r  and ,  i f  some r a d i c a l s  o r  t h e i r  
s o u r c e  molecu le s  are formed by a s s o c i a t i o n ,  t h e  c l o s e r  t h e  comet is t o  t h e  sun  
t h e  f u r t h e r  t h e i r  p r o d u c t i o n  zone w i l l  ex t end .  The main d i f f i c u l t y  w i t h  t h i s  
e x p l a n a t i o n  is t h a t  t h e  zone of p r o d u c t i o n  of  a r a d i c a l  must c o i n c i d e  by as- 
s o c i a t i o n  w i t h  a zone where c o l l i s i o n s  are numerous. I f  t h i s  zone can  b e  found 

on o u r  s p e c t r a  as f a r  as d i s t a n c e s  o f  t h e  o r d e r  o f  103.5 km, w e  shou ld  o b s e r v e  
b i g  d e v i a t i o n s  between t h e  s p e c t r o s c o p i c  p r o f i l e s  and t h e  p u r e  f l u o r e s c e n c e  
p r o f i l e s  of t h e  bands f o r  t h e  same r e g i o n s .  However, t h i s  does  n o t  seem t o  b e  
the case, as f o r  Burnham as  w e l l  a s  f o r  Ikeya  t h e  v e r y  l a r g e  d i f f e r e n c e s  i n  t h e  

bands;  these d i f f e r e n c e s  can on ly  b e  e x p l a i n e d  i n  a s a t i s f y i n g  way by t h e  
theo ry  o f  f Luorescence e x c i t a t i o n .  1'11is argument i h  on ly  q u a l i t a t i v e ,  and w e  
shoubd c a l c u l a t e  the  1:I.uoresceiice p r o f i l e  o f  t h e  bands of  t h e s e  two comets and 

t empera tu re"  of customary r o t a t i o n a l  motion are  observed  between CN and C 2  ( 1  

2 3  



The Eclw preced ing  renrnrks d o  n o t  p r e t e n d  t o  g i v v  art t'xiic t c ~ x p l a r r ~ t i o i i  o f  
t. tic ubst-rved phenomenn. We made t l i e m  c > s s c n t i n l l y  t o  e i n p t i , - i s i z c ~  o i i c r ~  more t h e  
impurtance o f  t h e  tliorciugh s t u d y  of a c c u r a t e  pl iotometr ic  profi1c.s a s  w e l l  C l s  

pure  spectroscopic s t u d y .  We rr.nl L Z P  p c r f C - c ' t l y  by  c>xamiriing 1 1 ~ .  prof i les which 
are p r e s e n t e d  h e r e  t h a t  t h e i r  discuss i o n  w o u l d  lie iniiclr c . a , ; i c % i -  if t i r ev  ovcrecl 
a l a r g e r  rogiori  of t h e  h e a d .  W i t t i  the comctary s p e c t r o p t i o t  orwter, w c  s h a l l  -- / 231  
e x p e c t  t o  e s t a b l i s h  the a c c u r a t e  pt iotomctr i r  profile> of v a r i o u s  hands between 
2,000 and 60,000 km f o r  a n  a v e r a g e  cornet p a s s i n g  w i t h i n  0 . 4  A11 o f  t h e  earth on  
the c o n d i t i o n  t h a t  w e  work a t  t h e  C a s s e g r a i n i a n  f o c u s  o f  thc ,  193 c m  telescope. 
a t  t h e  Haute  Provence Obse rva to ry  o r  a t  a n  e q u i v a l e n t  telescope. W e  obv ious ly  
hope t h a t  a comet as e x c e p t i o n a l  as  Burnham, as r e g a r d s  i t s  p rox imi ty  t o  t h e  
e a r t h  and weakness of i t s  continuum, will appea r  f o r  u s  t o  o b s e r v e  i n  t h e  y e a r s  
t o  come. 

2 4  



REFERENCES 

4 ,  Beutler, H. (1.: J . O . S . A .  - 3 5 :  311, 1 9 4 5 .  

5 .  B u u i g u e ,  K. : P u b l .  OIIP, V t ) l .  4 ,  Nu. 1 7 ,  1958. 

6. I )oss in ,  F.: J. Ob:;. 4 5 :  I ,  1962. 

7 .  

8. 

9.  

10. 

.L1 . 
12.  

1 3 . 
14. 

15.  

16. 

17. 

18. 

19 

20.  

21. 

2 %  I 

2 3 .  

2 4 .  

2 5 .  

c -  ; C l i .  E'c~lirrnbach, I,. llaser and 1'. Swings :  A n .  A s t r .  23-z 519, 1901.  

Kondra t 'yev ,  V. N .  : C h c n i i c a l  K i n e t i c s  o f  Gas React ior i s .  Pergamon P r e s s ,  
p .  4 1 3 .  

Liller, W . :  As t ron .  J .  - 66: 3 7 2 ,  1961. 

Malaise, D.:  B u l l .  SOC, R. S c i , , L i k g e  9-10: 656,  1962. 

Miancs,  P. :  (2xnpit.s Rendus Acad. Sci. - 2 4 6 :  3 7 7 ,  1958. 

Miller, P. D.: Ast ron .  .I. 60: 173 ,  1955.  - 

_ - - .  . A i r .  .I. l J 4 :  LOO%,  1901. - 
N a n i i o k ; i ,  'l'.: .J:O.S.A. -I 4 % :  4 4 0 ,  1959. 

P 
O ' D e l l ,  C. I < .  : P.A.S.A:.  2: 35,  1961. 

- - -  and D.  E .  Os te rb rock :  Ap. J. 136:  559 ,  1 9 6 2 .  
I_ 

S c l m i d t ,  M.  and ti. van Woerden: M 6 m .  SOC. R.  ':ci., Li&ge - 18: 102, 1 9 5 7 .  

S i n t o n ,  W. M.:  P.A.S.P. 2: 1 2 ,  1959. 

Stawikowski, A . :  Bull. Soc. K. S c i . , L i P g e  5-6: 4 1 4 ,  1962.  

S w i n g s ,  P.  : Advances i n  Space S c i e n c e  and Technology I: 3 9 3 ,  1965. 

- -  : Q t i a r t e r l y  .Tourtial o f  c h c  K.A.S .  A: 28 ,  1965. 

25 



2 0 .  - - : 7‘ransac. T.. A.  U., Vol. 8 ,  I s s u e  15 ,  1952 .  

. I f .  - - : i i ~ i d . ,  V < I 1 .  0 ,  I s s u c ~  I S ,  1955.  

I ”. : ~ b i i l , ,  V t > l .  I O ,  ISXIJC. I O ,  19‘>8. 

19. Wdket . ,  M. I,’.: P . A . S . 1 ’ .  3: 191, 1 9 5 8 .  

AI. Woszczyk, A .  : B u l l .  S o c .  R. S c i . ,  1,iPgc. 5-6: 390 ,  7 Y h L .  

31 .  Wurm, K.  and U .  i5-ilLi/:;: Tcarus 2: 3 3 4 ,  1963.  

3 2 .  YOSS, K. M . :  Mdm. SOC. K. S c i . , L i S g e  G: 32,  1953.  

NASA TT F-10,.371 

/ 2 3 2  -_ 

FKANK C. FAKNIiRM COHPANY 
133 South  3 6 t h  S t  rt’ct  
Ph  i lade .1 ph i n  , P enii s y 1 v ;1 i i  I. 3 1 9 1 0 4 

2 6  


